A formal test of linguistic and genetic coevolution in native Central and South America by Hunley, Keith L. et al.
A Formal Test of Linguistic and Genetic Coevolution
in Native Central and South America
K.L. Hunley,1* G.S. Cabana,2 D.A. Merriwether,3 and J.C. Long4
1Department of Anthropology, University of New Mexico, Albuquerque, NM 87106
2Department of Anthropology, University of Tennessee, Knoxville, TN 37996
3Department of Anthropology, Binghamton University, Binghamton, NY 13902
4Department of Human Genetics, University of Michigan, Ann Arbor, MI 48109
KEY WORDS mtDNA; model fitting; Native American language classifications
ABSTRACT This paper investigates a mechanism of
linguistic and genetic coevolution in Native Central and
South America. This mechanism proposes that a process
of population fissions, expansions into new territories,
and isolation of ancestral and descendant groups will
produce congruent language and gene trees. To evaluate
this population fissions mechanism, we collected pub-
lished mtDNA sequences for 1,381 individuals from 17
Native Central and South American populations. We
then tested the hypothesis that three well-known lan-
guage classifications also represented the genetic struc-
ture of these populations. We rejected the hypothesis for
each language classification. Our tests revealed linguis-
tic and genetic correspondence in several shallow
branches common to each classification, but no linguistic
and genetic correspondence in the deeper branches con-
tained in two of the language classifications. We discuss
the possible causes for the lack of congruence between
linguistic and genetic structure in the region, and de-
scribe alternative mechanisms of linguistic and genetic
correspondence and their predictions. Am J Phys Anthro-
pol 132:622–631, 2007. VC 2007 Wiley-Liss, Inc.
In Chapter 13 of The Origin of Species, Darwin (1859)
proposed that \. . .a genealogical arrangement of the races
of man would afford the best classification of the various
languages now spoken throughout the world. . .". He rea-
soned that if two groups descended from a common
ancestor, their languages likely descended from the lan-
guage of that ancestor. Geneticists have since proposed a
mechanism to explain in more detail how such linguistic
and genetic correspondences might form. This mecha-
nism follows directly from Darwin’s idea: populations are
related to each other through a series of fissions that
occurred at times of range expansion and colonization of
new regions (Cavalli-Sforza et al., 1988). These fissions
produce a branching or treelike pattern of population
relationships. Linguistic and genetic evolution occur inde-
pendently on the branches of this population tree.
Accordingly, this population fissions mechanism predicts
perfectly congruent linguistic and genetic trees.
In 1988, Cavalli-Sforza et al. informally tested this pre-
diction by comparing a tree of linguistic relationships
proposed by Joseph Greenberg (described in Ruhlen,
1991) to a gene tree constructed from protein and enzyme
data collected from 42 globally distributed human popu-
lations (Cavalli-Sforza et al., 1988). In this and subse-
quent articles, Cavalli-Sforza et al. concluded that the
gene and language trees were fundamentally congruent
(Cavalli-Sforza et al., 1992; Cavalli-Sforza, 1997). Subse-
quent studies called these findings into question on both
theoretical and methodological grounds. From a theoreti-
cal perspective, anthropologists argued that human
groups regularly exchange both individuals and compo-
nents of their languages. Such exchange is potentially
inconsistent with treelike population structure. In a
related vein, researchers noted that modes of linguistic
and genetic transmission differ: languages, unlike genes,
are transmitted both vertically from parents to offspring
and horizontally between unrelated individuals (Boas,
1911; Spuhler, 1979; Renfrew, 1992; Chen et al., 1995b;
Cavalli-Sforza, 1997). Thus languages and genes may
move independently between human groups, thereby
preventing or obscuring linguistic and genetic correspon-
dence. From a methodological perspective, several stud-
ies noted that the Cavalli-Sforza et al. method of visually
comparing trees did not test the prediction of linguistic
and genetic treeness, nor did they formally test the pre-
diction that the Greenberg language and population
gene trees were congruent (Bateman et al., 1990; Hunley
and Long, 2005).
Also at issue is the fact that Cavalli-Sforza et al. con-
sidered only a single language classification that is
rejected by most linguists. It is rejected because most lin-
guists believe that relationships among long-diverged
languages have not been or cannot be established (dis-
cussed in Campbell, 1997).
This paper has two goals. First, we wish to more for-
mally test the population fissions mechanism in a geo-
graphic region whose native people have been well char-
acterized linguistically and genetically. Second, we wish
to examine the issue of linguistic and genetic correspon-
dence for language classifications that propose both recent
and deep linguistic divergences. Central and South Amer-
ica represents an ideal location to achieve these goals for
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two reasons. First, numerous genetic studies have been
carried out in native groups in these areas. Mitochondrial
DNA (mtDNA) variation in particular has been well char-
acterized in Native Central and South American popula-
tions. Second, the indigenous languages of the regions
have received considerable attention from linguists. Their
research has produced alternative Native American lan-
guage classifications that tend to agree about recently
diverged linguistic groups, but disagree about the deeper
evolutionary relationships between these groups (Lou-
kotka, 1968; Ruhlen, 1991; Campbell, 1997).
To address our first goal of more formally testing the
population fissions model, we apply a novel maximum like-
lihood tree-fitting procedure to genetic data collected from
17 Native Central and South American populations. This
tree-fitting procedure allows us to test the hypothesis that
each language classification also represents the genetic
structure of the Native American populations. With respect
to the second goal, this model-fitting procedure also allows
us to determine whether two Native American linguistic
classifications that propose deeper linguistic relationships
correspond to the genetic data better or worse than a lan-




We assembled the first hypervariable region sequences
of 1,381 individuals for 17 Native Southern Central and
South American populations from published sources (Ta-
ble 1). No biological samples were handled. The popula-
tion samples include mtDNA sequences from at least 20
individuals. These data include only sequences belonging
to founding Native American haplogroups A, B, C, and D.
The sequences were aligned and edited to 401 nucleo-
tides, covering the reference nucleotide positions (np)
16,000–16,400 (Andrews et al., 1999). The location of each
population is depicted in Figure 1.
Language classifications
We chose three distinctive Native American languages
classifications from Loukotka (1968), Greenberg
(described in Ruhlen, 1991), and Campbell (1987), here-
after referred to respectively as the LLC, GLC, and
CLC. The left-hand portions of Figure 2C–E depict the
linguistic relationships between the 17 populations for
each language classification. We note at the outset that
the LLC and GLC are rejected by most linguists (e.g.,
see Campbell, 1997). Nonetheless, we chose these three
classifications because they are similar and dissimilar to
one another in important ways.
They are similar in that all three classifications share
the same four shallow (distal) language groups (Chibchan,
Choco, Quechuan, and Tupi), though they differ some-
what about which languages belong in each group, e.g.,
only the LLC places the Cayapa within the Chibchan lan-
guage group, while only the GLC places the Yanomamö
in the Chibchan language group. They also differ some-
what about the branching pattern between languages
within the groups. We refer to this shared shallow struc-
ture as external structure.
The language classifications differ in that the LLC and
GLC propose deeper internal relationships between
these four shared groups and other languages. For ex-
ample, Loukotka proposes three deeper groups (Andean,
TABLE 1. Population size, nucleotide diversity, and location
Population N p Latitude Longitude
Achea 63 0.001 24.8S 56.2W
Gaviãob 28 0.012 10.2S 61.1W
Suruic 24 0.005 10.2S 61.1W
Zorob 29 0.011 10.3S 60.3W
Huetard 27 0.011 9.7N 84.5W
Kunae 63 0.009 9.5N 82.1W
Ngobef 46 0.013 9.2N 82.2W
Emberag 44 0.019 7.9N 78.6W
Wounang 31 0.021 4.4N 78.7W
Arequipah 22 0.013 12.0S 74.0W
Tacajayah 50 0.016 14.0S 72.0W
Cayapai 30 0.019 1.2N 78.5W
Mapuchej 39 0.018 41.3S 69.3W
Pehuenchek 24 0.015 37.4S 71.2W
WaiWaic 26 0.018 1.0N 59.0W
Xavanteb 25 0.008 13.3S 51.7W
Yanomamol 810 0.014 2.5N 64.0W
Total 1,381
a Schmitt et al., 2004.
b Ward et al., 1996.
c Bonatto and Salzano, 1997.
d Santos et al., 1994.
e Batista et al., 1995.
f Kolman et al., 1995.
g Kolman and Bermingham, 1997.
h Fuselli et al., 2003.
i Rickards et al., 1999.
j Ginther et al., 1993.
k Moraga et al., 2000.
l Hunley, 2002.
Fig. 1. Population locations.
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Tropical Forest, and Paleo-American), while Greenberg
proposes four deeper groups (Chibchan-Paez, Andean,
Equatorial-Tucanoan, and Ge-Pano-Carib). We refer to
this deeper structure as internal structure. The CLC
lacks this internal structure, because like most linguists,
Campbell believes the data and methods employed by
Loukotka and Greenberg are insufficient to establish
these deeper relationships. The differences between
these language classifications provide the opportunity to
formally test for the first time whether this deeper struc-
ture enhances or detracts from linguistic and genetic cor-
respondence. We return to the issue of linguistic recon-
struction in the discussion.
We note that Loukotka does not specify the evolutionary
relationships between his three internal clusters. Simi-
larly, Campbell does not specify the relationships between
the four external groups and other populations. We there-
fore chose the simplest topology to join the branches of the
LLC and CLC to a common ancestor. This topology
assumes a single origin for Native American languages
but makes no further assumptions about the relationships
between proposed internal and external groupings.
To distinguish how shared and unique portions of each
of these three language classifications affect linguistic
and genetic correspondence, we next constructed four
additional classifications. The first classification, termed
the island classification (IC), contains no structure (Fig.
2A, left portion). It assumes independent evolution
among all populations. The second classification, termed
the consensus classification (CC), adds to the IC only the
structure shared by all three language classifications
(Fig. 2B, left portion). It represents a strict consensus of
the three language classifications.
The remaining two classifications add the unique exter-
nal linguistic structure (e.g., unique branching pattern
within the four shared groups) of the LLC and GLC to
the CC. We refer to these as the external branch-only ver-
sions of the LLC and GLC. We next employed the statisti-
cal analyses described below to test the hypothesis that
each language classification represents the genetic struc-
ture of the Central and South American populations.
Statistical analyses
Model and estimation. We first constructed a matrix of
the average number of nucleotide substitutions between
each pair of mtDNA sequences. This measure incorpo-
rates the differences in mutations between mtDNA
sequences as well as frequency differences, making it a
sensitive measure of evolutionary change (Hudson et al.,
1992). The diagonal elements of the matrix, d̂ii, pertain
to averages for pairs drawn from the same population.
The off-diagonal elements, d̂ij, pertain to averages for
pairs drawn from two different populations. Pairwise dif-
ferences lead naturally to net number of nucleotide sub-
stitutions, d̂
Aij
¼ d̂ij  (̂dii + d̂jj)/2, as a measure of genetic
distance between populations (Nei, 1987).
There is an expected form of the pairwise difference
matrix for any given hierarchical structure, e.g., language
classification. Cavalli-Sforza and Piazza (1975) showed
that the expected form of the matrix can be expressed in
the form of a linear combination of fixed symmetric s 3 s
matrices composed of zeros and ones, where s is the num-
ber of population samples. These matrices are defined by
the nodes of a given classification. The number of such
matrices is equal to the number of nodes hypothesized to
have equal pairwise difference values.
Fig. 2. Selected model classifications drawn as trees (left).
Fitted language classifications are plotted to the right of each
unfitted classification. Abbreviations: A, Andean; CP, Chibchan-
Paez; ET, Equatorial Tucanoan; GPC, Ge Pano Carib; PA, Paleo-
American; TF, Tropical Forest.
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We used a system of equations developed by Anderson
(1973) to obtain estimates of the elements of the
expected form of the pairwise difference matrix for each
classification. The results of this procedure are approxi-
mate maximum likelihood solutions. The method is given
in more detail by Cavalli-Sforza and Piazza (1975),
Urbanek et al. (1996), and Long and Kittles (2003).
Hypothesis testing. The likelihood ratio test proposed
by Cavalli-Sforza and Piazza (1975) provides a way to
assess the goodness-of-fit of each classification described
earlier to the pairwise difference matrix. The lack of fit
of the expected form of the pairwise difference matrix for
a given classification to the observed pairwise difference
matrix is measured by a likelihood ratio statistic, L.
Under the assumption of a large number of independ-
ently evolving sites, L is distributed as a v2 random vari-
able, with degrees of freedom equal to s(s + 1)/2 minus
the number of parameters specified by the fitted classifi-
cation. The expected value of L is equal to the degrees of
freedom when the classification fits perfectly. However,
the likelihood ratio test is generally too liberal, i.e.
rejects the null hypothesis too easily, because the
assumption of a large number of independently evolving
sites is violated by mtDNA sequences. Nevertheless, L is
a useful gauge for rank ordering the fit of different clas-
sifications applied to the same data.
Visual inspection of fit. To examine the specific ways
in which the linguistic classifications and genetic data
departed, we plotted the realized and expected net nucle-
otide distances against one another for each classifica-
tion. If a model classification fits the genetic data, the
scattergram of realized and expected genetic distances
will assume a symmetric cigar-shaped distribution and
the expected genetic distances for each population will
be overestimated approximately as frequently as they
are underestimated.
Additional tests. There are at least four reasons why a
given model classification might fit poorly. First, one or a
few misplaced populations might disrupt the fit even
though the majority of a particular classification fits
well. Second, linguistic evolution may not be treelike.
Third, population genetic evolution may not be treelike.
Fourth, a given model classification may incorrectly rep-
resent evolutionary relationships among populations.
To distinguish between these alternatives, we applied
several additional tests. First, to be certain that the fit
of a classification was not disrupted by one or a few mis-
placed populations, we repeated the analysis for each
classification 17 times, each time leaving out a different
sample from the analysis. If one or a few populations
caused the lack of fit, L would decrease dramatically
when they were left out.
Next, to assess possibilities 2–4 mentioned earlier, we
applied the neighbor joining (NJ) algorithm (Saitou and
Nei, 1987) to identify a tree topology optimized to the
genetic data. We then used the maximum likelihood
method to fit this topology to the genetic data, applied
the likelihood ratio test for treeness, and examined plots
of the realized versus expected genetic distances. The ra-
tionale underlying this approach is that if the NJ tree
fits and the other classifications do not, the genetic data
are treelike, but none of the other model classifications
capture this treelike structure, i.e. the language classifi-
cations are incorrect, or linguistic evolution has not been
treelike (Hunley and Long, 2005).
RESULTS
Sequence polymorphisms
The 1,381 mtDNA sequences contain 103 variable sites
and 274 haplotypes. Of these 103 polymorphisms, 41
were population-specific. Only three polymorphisms
were specific to deeper branches proposed by one or
more language classification: two to the Choco branch
contained in all three language classifications, and one
to the Gavião-Zoro branch of the LLC and CLC. Table 1
reports population sample size, estimated nucleotide di-
versity (p̂), and geographic coordinates. Nucleotide diver-
sity varies among the 17 populations. For example, nu-
cleotide diversity is low in several populations, most
notably the Ache, wherein the sample of 63 individuals
contains 56 identical sequences (Schmitt et al., 2004).
Nucleotide diversity is highest in the Wounan followed
closely by the Embera and Cayapa, populations all
located in the northernmost portion of the South Ameri-
can continent. The magnitude and range of variation
across the 17 populations is comparable to that observed
in Native North Americans (Hunley and Long, 2005),
though the magnitude of variation is low compared to
other world regions (e.g., Merriwether et al., 1991).
Statistical analyses
Model fitting and test of treeness. The right-hand por-
tions of Figure 2 show the results of fitting the IC, the
CC, and the three language classifications to the genetic
data. Because the unfitted classifications on the left of
Figure 2 do not make predictions about branch lengths,
these lengths are arbitrary. The fitted classifications on
the right on the other hand contain branch lengths esti-
mated from the model-fitting procedure. For this reason,
the unfitted and fitted classifications look quite different.
Most notable are the many zero-length branches in
the fitted classifications. When we first fit the classifica-
tions, as a result of a lack of treelike structure, these
branches were negative. Because negative branches are
inconsistent with treeness, we removed them by combin-
ing them with the next deepest associated node in the
classification. We then reapplied the model-fitting proce-
dure. This procedure was repeated until all negative
branches were eliminated from a given model classifica-
tion. The outcome of this process is the zero-length
branches in the fitted classifications.
Zero-length branches of the LLC include the internal
Andean and Tropical Forest branches and the external
Choco and Quechuan branches. Zero-length branches of
the GLC include the internal Chibchan-Paez and Equato-
rial Tucanoan branches, the external Quechuan branch,
and the Yanomamö branch of the Chibchan group. For
the CLC, the Choco and Quechuan branches had zero
length.
More important than the branch lengths of the fitted
classifications is their fit. Table 2 lists the L values for
all classifications, numbered 1–8. The high L values rel-
ative to the degrees of freedom indicate that all classifi-
cations fit poorly. We emphasize that the poor fit of these
classifications was not the result of one or a few mis-
placed populations. When we repeated the analysis for
each classification, each time leaving out a different pop-
ulation from the analysis, the likelihood ratio statistic
substantially exceeded its degrees of freedom in each
analysis (results not shown). We conclude that the poor
fit of each classification is systemic and not caused by a
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small number of outlier populations. However, despite
the fact that all classifications fit poorly, their relative fit
varies substantially. Several aspects of this variation in
fit provide insights into linguistic and genetic correspon-
dence in the region.
First, the IC contains no structure. It is the worst fit-
ting classification. The CC, which contains only the
shared features of each language classification, fits sub-
stantially better than the IC. The superior fit of the CC
relative to the IC indicates that the genetic data do in
fact contain some structure.
Second, the CLC, which contains no internal connec-
tions between the four shared language groups, fits bet-
ter than all other language classifications and the CC.
At the same time, the external branch-only versions of
the LLC and GLC, which also contain no internal struc-
ture, also fit better than the CC. These results indicate
that the unique external features of the language classi-
fications improve their correspondence with the genetic
data relative to the CC.
Third, when the deeper internal linguistic structure is
added to the external branch-only versions of the LLC
and GLC, their fit decreases (Table 2). The complete ver-
sion of the LLC fits only slightly worse than the external
branch-only version of the LLC, while the complete ver-
sion of the GLC fits substantially worse than its external
branch-only version. In addition, both of these complete
language classifications fit worse than the CC. These
results emphasize the important point that the improved
fit of the languages classifications relative to the CC
comes exclusively from their external linguistic structure.
Plots of realized and expected genetic distances. To
identify specific ways that the language classifications
and genetic data depart, we examined the plots of real-
ized versus expected genetic distances (Fig. 3). The
squared correlation coefficients for each plot are listed in
Table 2. The plots indicate that the language classifica-
tions either consistently over- or underestimate gen-
etic distances for each population. For example, the LLC
(Fig. 3A) underestimates genetic distances for the
Cayapa. At the same time, the LLC tends to underesti-
mate lower genetic distances for the Yanomamö and
overestimate higher genetic distances. Similar trends
occur for most populations for each language classifica-
tion (data not shown). In addition, all plots also indicate
that correlations are stronger at lower genetic distances
than they are at higher genetic distances.
Figure 3A,B plots the genetic distances for the full and
external branch-only versions of the LLC. The trend of
over and underestimation exists in both plots. Interest-
ingly, Figure 3B indicates that the Cayapa fit better
when the internal structure is removed from the LLC.
A similar trend of over- and underestimation is
observed for the GLC (Fig. 3C,D). Results of the statisti-
cal analyses in Table 2 indicate that the external
branch-only version of the GLC (Fig. 3D) fits substan-
tially better than the complete GLC. The improved fit is
not obvious in the comparison of Figure 3C and D. This
may be because the improved fit is not caused by any
one population, but instead by small improvements in
agreement between realized and expected genetic distan-
ces for one or more nodes in the external branch-only
version. Note that in the complete GLC (Fig. 3C), the
Yanomamö is not placed in the Chibchan group, because
the Yanomamö branch was negative.
Figure 3E plots the genetic distances for the CLC. The
plot looks similar to others in Figure 3. This result indi-
cates that the superior fit of the CLC relative to other
language classifications may also be caused by small
improvements in fit associated with one or more of the
nodes in the CLC. Nonetheless, the CLC also consis-
tently over- and underestimates genetic distances for
most populations. For example, the CLC also consis-
tently underestimates genetic distances for the Cayapa.
NJ tree. The NJ tree fits the genetic data substantially
better than all other classifications (Table 2). This result
indicates that the structure exists in the genetic data
that is not captured by the language classifications. At
first glance, the distribution of points in the scatter plot
for the NJ tree (Fig. 3F) seems fairly wide. Closer
inspection indicates that this wide dispersion is caused
in large part by the Yanomamo. However, despite this
wide spread, the Yanomamo tend to be more evenly dis-
tributed on either side of the line across the full range of
genetic distances. With the exception of the Yanomamo,
data points for other populations are actually less dis-
persed for the NJ tree compared to other plots. For
example, the Cayapa are less dispersed in the NJ plot
than in any of the language classification plots. These
results visually confirm the superior fit of the NJ tree.
Despite this superior fit, we emphasize that the likeli-
hood ratio statistic for the NJ tree is still high relative
to its degrees of freedom, indicating that even a tree
optimized to the genetic data does not fit.
The NJ tree (Fig. 4) also reveals several interesting
patterns that are consistent with the results reported
earlier. First, populations contained within internal
branches of the LLC and GLC do not cluster together in
the NJ. Second, the NJ tree contains portions of 2 of the
4 groups common to the language classifications. These
two groups are the Chibchan and the Tupi. Third, the
NJ tree groups the Cayapa and Chibchan populations to-
gether as well as the Yanomamö and Wai Wai. The LLC
also contains these two groupings. However, the topolo-
gies of the NJ tree and LLC are otherwise quite distinct.
These results highlight the fact that the changes in to-
pology in one portion of a tree may affect genetic and lin-
guistic correspondence in other portions of that tree.
DISCUSSION
Despite the fact that individuals and their languages
may move independently between populations, many
studies nevertheless have identified a relationship bet-
ween patterns of linguistic and genetic diversity. One
way this relationship may arise is through congruent
linguistic and genetic evolution in relatively isolated
populations. This population fissions mechanism of lin-
TABLE 2. Fit of model classifications





1 Island (IC) 2,280 140 8 0.48 8
2 Consensus (CC) 1,854 137 5 0.49 7
3 Loukotka language (LLC) 1,856 136 6 0.5 6
4 Loukotka language EBOa 1,835 136 4 0.57 5
5 Greenberg language (GLC) 1,885 137 7 0.6 3
6 Greenberg language EBO 1,776 136 3 0.59 4
7 Campbell language (CLC) 1,767 136 2 0.64 2
8 Neighbor joining (NJ) 1,440 136 1 0.71 1
a EBO, external branch only.
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guistic and genetic correspondence was previously eval-
uated in a world wide sample of populations (Cavalli-
Sforza et al., 1988, 1992). In this study, we adopted a
more rigorous approach to tree comparisons (Urbanek
et al., 1996; Long and Kittles, 2003; Hunley and Long,
2005). First, we proposed various classifications as a pri-
ori hypotheses for South American mtDNA genetic struc-
ture and then fit these classifications to the genetic data.
We then tested for treeness using the method developed
by Cavalli-Sforza and Piazza (1975). The null hypothesis
Fig. 3. Plots of realized versus expected dA genetic distances for selected model classifications. The Cayapa and Yanomamö are
highlighted in each plot. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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for each test was that the pattern of relationships among
languages was the same as the pattern of relationships
among gene pools. The null hypothesis was rejected for
each classification.
Nonetheless, we found that all language classifications
fit significantly better than the IC, an island classifica-
tion that lacked structure. In addition, versions of the
language classifications that lacked internal structure fit
better than the CC, a strict consensus of the three lan-
guages classifications. In fact, the CLC, which contains
no internal structure, was the best fitting language clas-
sification. In contrast, versions of the language classifica-
tions that contained internal structure fit worse than the
CC. We conclude from these results that the deeper in-
ternal linguistic structure of the LLC and GLC is incon-
sistent with the genetic structure of Central and South
American populations.
One might object that the Greenberg and Loukotka
classifications were unlikely to fit because they are
wrong, i.e., they represent incorrect language classifica-
tions. One might also object that we did not really test
the LLC and CLC, because neither Loukotka nor Camp-
bell comments on the internal relationships that con-
nect their proposed groups to a common ancestor. Our
answers to these objections are twofold. First, we chose
the simplest topologies to join the branches of the LLC
and CLC to a common ancestor (Fig. 2). These simple
topologies make only one assumption: Native America
languages are related by descent. These topologies fit
poorly. Second, it is possible that other deeper branching
arrangements will fit the genetic data better. However,
no topology will fit substantially better than the NJ tree.
While the NJ tree shares several external linguistic fea-
tures of the language classifications, it does not contain
any of the deeper internal structure of the LLC, GLC, or
any alternative Native American language classification
(e.g., those described in Campbell, 1997). We therefore
conclude that no internal linguistic structure is likely to
fit the genetic data.
Importantly, this result tells us nothing about the exis-
tence of deeper linguistic structure in Latin America.
Our results simply reject the hypothesis that the pro-
posed linguistic structures are also the genetic structure
of the selected populations. Interestingly, one recent
study argues that deep linguistic relationships may be
identified using grammatical features rather than vocab-
ulary (Dunn et al., 2005). This novel approach may per-
mit the construction of deeper topologies in various
world regions and even at larger geographic scales. In
the event such classifications are constructed, the meth-
ods employed in this study may be used to address the
population fissions mechanism of linguistic and genetic
coevolution in these regions.
So why is the fit of all classifications poor? The poor fit
is not the result one or a few misplaced populations. All
classifications still fit poorly when individual populations
were removed one at a time. The poor fit is not the result
of a lack of information in the genetic data. All classifica-
tions fit better than an IC, which contains no structure.
European contact might contribute to the poor fit of
the various classifications. Contact resulted in the eradi-
cation of many South American populations, and
undoubtedly reduced the amount of genetic variation in
others (Crawford, 1998; Salzano and Callegari-Jacques,
1988). If contact also increased interactions between pop-
ulations, it may have erased previously existing linguis-
tic and genetic structure. Ethnographic literature docu-
ments contact-mediated interactions of this sort. To cite
one such example, Christian missions facilitated migra-
tion between linguistically distinct Yanomamö and
Makiritare villages in Amazonia (Chagnon et al., 1970).
On the other hand, some contact-mediated events may
not have substantially affected interactions between
groups, but may have instead only reduced variation
within populations. Because such events would not affect
variation between populations, they would not have the
disrupted treelike structure. Instead they would have
only decreased variation within populations, and hence
increased branch lengths within the trees. At this point,
we unfortunately lack the data to assess the importance
of contact-mediated events of this latter sort.
Yet another possible reason for the poor fit of the lan-
guage classifications is that linguistic evolution is inher-
ently non-treelike (e.g., see Bateman et al., 1990 and
associated comments). For example, linguistic exogamy
occurs in South America today and may have been com-
mon in the past (e.g., Epps, 2003). Linguistic exogamy
may impede or prevent treelike linguistic evolution
(Nettle, 1999). Languages and patterns of linguistic diver-
sity also change within and between groups as sociocul-
tural organization changes in expanding, contracting, and
moving populations (Gumperz, 1962; Thomason and
Kaufman, 1988; Nichols, 1997; Nettle, 1999). Sociocul-
tural variation is indeed marked in Central and South
America (Steward and Faron, 1959). As a result, linguis-
tic evolution may be treelike to some extent at some
places and times, but it is unlikely to be treelike across geo-
graphically and temporally fluid sociocultural boundaries.
Certainly one major reason the language classifications
fit poorly is that population genetic evolution has not
been treelike. This lack of genetic treeness is reflected in
the poor fit of the NJ tree. Treeness may never have ex-
isted in the region, or it may have been disrupted by in-
digenous population processes, including contractions,
expansions, fusions, fissions, genetic exchange, and move-
ments (Cavalli-Sforza et al., 1992; Barbujani et al., 1994;
Cavalli-Sforza, 1997; Hunley and Long, 2005). Again we
suspect that sociocultural variation and change signifi-
cantly influenced these population processes.
Other genetic data
Also of interest is whether similar results are likely to
apply to Y chromosome and autosomal genetic markers.
Fig. 4. Unrooted fitted NJ tree.
628 K.L. HUNLEY ET AL.
American Journal of Physical Anthropology—DOI 10.1002/ajpa
If patrilocality predominates in Native Latin American
groups, Y chromosome variation in particular may be
more structured, and one or more of the linguistic classi-
fications may more closely fit patterns of Y chromosome
variation. However, one relevant study suggests that
patilocality and matrocality are equally frequent in Nat-
ive South America (Burton et al., 1996). Consistent with
this finding, Mesa et al. (2000) identified similar GST val-
ues for mtDNA and Y chromosome markers in a sample
of Native South American populations. Analyses of more
Y chromosome and autosomal data are required to more
fully address the issue of linguistic and genetic corre-
spondence in this and other regions.
Alternative mechanisms of linguistic
and genetic correspondence
Other mechanisms may produce linguistic and genetic
correspondence. For example, a second mechanism is ana-
logous to the Wright/Malecot model of isolation by dis-
tance (Wright, 1943; Malecot, 1948). This mechanism
applies to populations spread evenly over a continuum,
without sharp divisions between groups. Individuals with-
in the same neighborhood are likely to have recent com-
mon ancestors, and their language characteristics are
likely to be retained from those ancestors. By contrast, for
individuals located in different neighborhoods, their com-
mon ancestors are likely to have lived in the more remote
past, and their speech will have drifted further from the
speech of their ancestors. The degree to which individuals
in different neighborhoods share either language or genes
is a function of the geographic distance between neighbor-
hoods (Morton, 1973; Cavalli-Sforza and Wang, 1986; Ca-
valli-Sforza et al., 1992). This \diffusion" mechanism pre-
dicts that linguistic and genetic distances will be corre-
lated, and that this correlation will disappear when
geographic distance is controlled.
Tests of these predictions provide equivocal support for
this diffusion mechanism. For example, studies fre-
quently identify moderate correlations between linguis-
tic, genetic, and geographic distances in various world
regions (Barrantes et al., 1990; Chen et al., 1995a; Net-
tle and Harriss, 2003). On the other hand, studies often
identify only relatively weak correlations between these
distances in the same and other world regions (Spuhler,
1972; Chakraborty, 1976; Smouse and Long, 1992; Nettle
and Harriss, 2003). In fact, one study identified a nega-
tive correlation between these distances in South Amer-
ica (Fagundes et al., 2002). These weak and negative
correlations may in part result from inadequate meas-
ures of linguistic distance. They may also result from
the failure to account for linguistic and sociocultural het-
erogeneity. Indeed, correlations between linguistic,
genetic, and geographic distances tend to be stronger
within more culturally and linguistically homogeneous
Native Central and South American groups (Roisenberg
and Morton, 1970; Lalouel and Morton, 1973; Spielman
et al., 1974; Sokal et al., 1986; Barbujani et al., 1989;
Barrantes et al., 1990; Rothhammer, 1990; Demarchi and
Marcellino, 1998; Mesa et al., 2000; Fuselli et al., 2003).
We did in fact examine the diffusion mechanism for
the 17 populations included in this study. For this exam-
ination, we estimated linguistic distances as the number
of nodes separating each population for each language
classification (Excoffier et al., 1991). Great-circle geo-
graphic distances were estimated from geographic coor-
dinates provided in Table 1. We identified the strongest
genetic–linguistic distance correlation for the Loukotka
classification. However, the squared correlation coeffi-
cient for this comparison was only 0.053 (P < 0.05).
Importantly, though the squared correlation coefficient
dropped to 0.040 when geographic distance was held con-
stant, the correlation remained statistically significant
at the 0.05 level. This latter result represents a rejection
of the diffusion mechanism and suggests gene–language
correspondence that is independent of geography.
We suspect that one reason this correlation is weak is
that the method of linguistic distance estimation is
crude. Unfortunately, the data and methods required to
estimate linguistic distances more accurately are cur-
rently unavailable. However, Dunn et al. (2005) provide
a method for linguistic distance estimation that might
aid in examining the diffusion mechanism at different ge-
ographic scales. In this vein, a future goal of our research
is to involve linguistics in the construction and tests of
mechanisms of coevolution (see Hunley et al., in press).
Finally, linguistic and genetic correspondence may be
produced through a combination of shared ancestry and
shared patterns of linguistic and genetic exchange. In
this case, neither linguistic nor genetic data will be tree-
like, but, nonetheless, trees constructed from these data
may produce similar topologies. For example, in this
study, both the language and NJ classifications contain
Chibchan and Tupi groups. This common structure may
be the result of shared ancestry and genetic exchange
among Chibchan and Tupi speaking groups. Sharing of
this sort may be common in other world regions and at
differing geographic and sociopolitical scales. We suggest
that one fruitful approach for future research in this
area will be to propose and test these and related models
for the formation of linguistic and genetic correspond-
ences within more geographically, ecologically, and socio-
culturally homogeneous regions.
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